Photocatalysis and energy cost analysis of Vanadia Titania thin films synthesis by Akbarzadeh, Rokhsareh et al.
  
Photocatalysis and energy cost analysis of Vanadia 
Titania thin films synthesis   
1st Rokhsareh Akbarzadeh*a 
 aMechanical Engineering Department 
lUniversity of Johannesburg, 2006, 
South Africa 
Johannesburg, 2006, South Africa 
 rakbarzadeh@uj.ac.za 
2nd Qusay Ibrahima 
aMechanical Engineering Department 
lUniversity of Johannesburg, 2006, 
South Africa 
Johannesburg, 2006, South Africa 
qibrahim@uj.ac.za 
 3rd Tien-Chien Jen 
aMechanical Engineering Department 
lUniversity of Johannesburg, 2006, 
South Africa 
Johannesburg, 2006, South Africa 
 tjen@uj.ac.za 
 
Abstract-A lot of successful research work on synthesis and 
application of photocatalysts have been done and going on, 
however the commercialization remains as a challenge. The 
cost associated with the raw materials and synthesis methods 
are of important and limiting factors in industries. In this 
study a cost analysis was conducted for an actual experimental 
work for synthesis and application of pure TiO2 and vanadium 
doped-TiO2. The cost estimation for Pure TiO2 and Vanadium-
TiO2 has been conducted based on the cost of the raw material 
and energy consumption in synthesis. Finally, to find the real 
cost the recyclability of the photocatalyst has been taken into 
consideration.   
Keywords— Photocatalysis, energy cost, V2O5/TiO2, thin 
films, methylene blue. 
I. INTRODUCTION  
Photocatalytic degradation of organic pollutant in water 
using TiO2 photo-catalyst is being widely studied as an advanced method for pollutant degradation due to its 
desirable properties, such as non toxicity, wide band gap, and 
stability in acidic as well as basic media [1-3]. 
Academics and experts have defined "energy 
management" as the purchase, use and performance of 
gathering energy sources in service delivery or 
manufacturing. In the light of global competitive evidence, 
energy saving is now an important strategic matter that tend 
to manage the energy more efficiently and effectively [4]. 
Energy cost analysis is a part of energy management that 
calculate the cost of all the processes whether it was 
electrical or chemical to access the economic evaluation 
which can be used as a tool for estimating the potential cost 
of the process, which make it easier to compare between 
catalysts [5]. In this study, the energy cost analysis has been 
carried out for photocatalyst’s cost estimation by calculating 
the cost of chemicals and thermal or electrical processes. 
This will help to deliver meaningful cost comparisons 
between materials, and provides an understanding of the 
economics of the catalyst prodituction and make it more 
informed R&D decisions early in the catalyst design and 
development process [5].   
The results of previous experimental study [6]  was used 
as a raw data for this energy cost analysis. In that study, pure 
TiO2 and vanadium doped TiO2 thin film were synthesized and used as photocatalyst for the methylene blue 
degradation. The cost of chemicals and the energy usage was 
used to estimate the energy cost where recyclability also was 
taken into account. 
II. METHODOLOGY 
A. Method  
Performing cost analysis and estimation of catalyst’s cost 
is to enable us to take a rapid decision in research and 
commercialization of catalysts. In this study, the cost 
comparison was done based on chemical and electrical 
power consumption. Depending to the weight of chemicals, 
the prices can be obtained from suppliers or purchasing 
agents. In addition to the cost of energy of heat treatment 
consumed, it can be obtained with normal calculations of 
power consumption. 
The cost of used chemicals for the synthesis, recyclability  
and the power consumption for fabrication of pure TiO2 and vanadium doped TiO2 thin film were used for the cost analysis.  
B. Energy cost analysis   
The cost of energy method was analyzed in addition to 
the chemicals used for syntheses of TiO2. Table I illustrates the chemical cost estimated for synthesis of TiO2.  The costs of labor are not quantified in these calculations. The cost of 
chemical was estimated based on the quantity of consumed 
raw material for synthesizing a known quantity of 
photocatalyst which has been used for one cycle of 
experiment in photocatalytic activity test.  
TABLE I.  THE COST ANALYSIS FOR PURE TIO2 SYNTHESIZED BY SOL-
GEL METHOD BASED ON ELECTRICAL POWER. 
Catalyst Material Function Unit Price Total cost 
($)
TiO2  
Titanium 
butoxide 
(4.03g) 
Titanium 
source 
100g 
($128.6) 
5.182
Water 
(25ml)
Diluter - 
H2O2 (20ml 30%) 
Solvent 500 ml 
($44.1) 
1.764
Final 
catalyst
   6.946
From Table1, the titanium butoxide is the source of the 
titanium for synthesizing of the photocatalysts and it costs 
  
US$128.6 per 100g. An amount of 4.03g was used in the 
synthesis and this amounts costs U$5.182. Hydrogen 
peroxide (20ml 30%) acts as the solvent and its unit cost is 
US$44.1 per 500 ml. The cost of 20ml H2O2 which was used in synthesis estimated to be US$1.764. Therefore, the total 
costs for the catalyst results in US$6.946. Water which acts 
as the diluter in the synthesis is not included in cost analysis 
because its costs is quite minimal in the cost analysis. Water 
cost should be considered when such calculation is scaled up 
for industrial purposes.  
TABLE II.  THE COST ANALYSIS FOR TIO2 DOPED WITH DIFFERENT 
PERCENTAGES OF V2O5 SYNTHESIZED BY SOL-GEL METHOD BASED ON 
ELECTRICAL POWER (THERMAL TREATED AT 400OC FOR 8 HOURS). 
 
 
 
 
 
 
 
 
 
 
As can be seen, in Table II, for synthesizing of TiO2 doped with different percentages of V2O5 and the cost of V2O5 has been added to the chemical cost. The total 
calculated power cost for synthesizing pure and doped TiO2 thin film with different percentages of V2O5 was approximately 1.2005$/kWh, and this only applied on these 
catalysts which needs the heat treatment and consequently 
electricity. The total cost for the synthesis of pure and doped 
TiO2 has been shown in last column of Table II.  
III. RESULTS AND DISCUSSIPON 
A. Catalyst performance  
Based on the results of methylene blue degradation, the 
first order kinetic plots were prepared. The plot of -ln C/C0 with time of irradiation is shown in Figure1. All the lines of 
kinetic plots are linear, which confirms the first order 
reaction kinetics. These kinetic plots have been utilized for 
calculation of rate constant values for each degradation 
reaction.   
 
Fig. 1. First order kinetic plots of MB degradation using thin films of (a) 
TiO2 (b) 0.5% (c) 1% (d) 2% and (e) 4% V2O5/TiO2 
B. Catalyst performance and cost relation 
Figure 2 shows the total cost and the performance of each 
catalyst in degradation of methylene blue (MB). As shown, 
pure TiO2 catalyst has the lowest cost between the other photocatalysts, however, while TiO2 is the lowest total removal rate compared to the rest of catalysts. TiO2 doped with 4% of V2O5 had the higher total removal rate, 92% at the same duration of time.  As the V2O5 percentage in the catalyst increases the total degradation of MB increases in a 
small duration of time, while the difference in the cost 
proportion of V2O5 is not significant, which make TiO2 dope with 2% of V2O5 the most suitable for the degradation of MB with a moderate total cost.   
 
Fig. 2. The relationship between total removal rates of methylene 
blue within 2 hours and total cost of each photocatalyst.  
C. Reusability of photocatalyst after MB degradation     
The reusability of the catalyst is one of   primary factor in 
energy analysis. It shows the performance of the catalysts 
and the possibility of its reusability. In order to find out the 
life of the pure and V2O5 doped TiO2 thin film catalysts and also to evaluate the performance of the catalyst film for MB 
degradation the following procedure was followed., the 
colorless solution was decanted and the fresh MB solution 
was added to the beaker containing thin film catalyst and 
kept in the sunlight for decomposition of the MB under 
identical condition. After multiple use of the catalyst for five 
consecutive experiments, the performance of catalyst didn't 
show significant decrease in activity. The results of the 
catalyst recycling experiment are shown in Table III. 
TABLE III.  THE REUSABILITY OF 1% V2O5/TIO2 THIN FILMS FOR MB 
DEGRADATION.  
Cycle  %MB degradation 
after 1 h 
Time for complete 
degradation 
         0 
        1 
        2 
        3 
        4 
        5 
             29.7 
             29.5 
             29.2 
             29.0 
             28.7 
             28.3 
             3.00 
             3.00  
             3.00 
             3.10 
             3.10 
             3.20                               
 
IV. Conclusion 
Catalyst V2O5 
(%) 
Weight 
of 
V2O5 
(gram) 
Cost of 
Chemi
cal ($) 
Cost of 
electricit
y 
($/kWh) 
Total 
cost ($) 
Pure 
TiO2 
0 0 6.946 1.2005 8.1465 
V doped 
TiO2 
0.5 0.009 6.953 1.2005 8.1535 
V doped 
TiO2 
1 0.018 6.960 1.2005 8.1605 
V doped 
TiO2 
2 0.036 6.975 1.2005 8.1755 
V doped 
TiO2 
3 0.054 6.989 1.2005 8.1895 
V doped 
TiO2 
4 0.72 7.520 1.2005 8.7205 
  
The cost analaysis were performed to find out cost-
effectiveness of doping TiO2 with V2O5 for the photocatalytic activity and here for degradation of 
methyelene blue. The results of synthesis and activity of a 
previous study were utilized for the energy cost analysis. 
Vanadia doped titania thin films have been found to be active 
for photo-catalytic degradation of methylene blue in sunlight.  
TiO2 with 2% V2O5 was found to be the most active for degradation of methylene blue as it removes 88% within 2 
hours with the highest moderation total energy cost. 
However TiO2 with 4% vanadia showed  the highest total removal rate up to  92% within the same specific time, in 
addition to an increase in total energy cost up to US0.545$. 
The reusability also has been included in the cost calculation, 
which reduces the total energy consumption at the end.  
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